The European Commission (EC) in autumn 2010 invited the public to comment upon its recommendation for a definition of the term 'nanomaterial' (EC, 2010a,b) . This public consultation followed another, last summer, when the scientists were invited to comment on the draft recommendation by Scientific Committee on Emerging and Newly Identified Health Risk (SCENIHR, established by the European Directorate General for Health and Consumers) (EC, 2010c,d) . The Joint Research Council of the European Commission has also published its recommendation on a definition of the term nanomaterial entitled Considerations on a Definition of Nanomaterial for Regulatory Purposes (Lövestam et al., 2010) . The Commission's recommendation (EC, 2010b) is that 'Member States, the Union agencies and Industry are invited to use' the proposed definition 'when adopting and implementing legislation and programmes concerning products of nanotechnologies'.
The background is that the EC (EC, 2008a,b) had earlier stated that nanomaterials were not mentioned specifically the legislative documents of the European Union (for example the regulation on Registration, Evaluation, Authorisation and restriction of CHemicals, REACH), but that, in principle, the existing legislation anyhow covers potential health, safety, or environmental risks that stem from nanomaterials. The European Parliament, in a resolution dated 24 April 2009, called for the use of a comprehensive science-based definition of nanomaterials and amendment of the relevant legislation of the European Union due to potential risks from nanomaterials. The European Parliament additionally asked the EC to work for an international definition of *Author to whom correspondence should be addressed. Tel: þ46 -8 674 7641; fax: þ46 -8 674 7325; e-mail: goran.liden@itm.su.se nanomaterial. This latter aspect is presumably to be carried out within the International Organization for Standardisation (ISO), the Organization for Economic Cooperation and Development's Working Party on Manufactured Nanomaterials, and other organizations. Each organization discussing nanomaterials has its own definition, and we would presumably have to wait a long time for a unique international agreement on the term nanomaterial, which also would be applicable for legislative purposes. Use for legislation means that such a definition must have clear-cut limits (e.g. 1 and 100 nm, which might be interpreted to mean a size range from 0.995 to 100.5 nm) of what is and what is not a nanomaterial, whereas many international definitions use qualifiers such as 'typically' or 'approximately' (e.g. $1 and $100 nm).
One reason for this is that different stakeholders view nanomaterials from different angles. From the points of view of nonoengineers and scientists and toxicologists or occupational hygienists etc, the focus is on the effect of a nanomaterial (whether considered to be positive or negative), and as nanoscience yet is not fully developed, nobody presently knows the exact boundary between nano and non-nano. From the point of view of legislation, on the other hand, it must be reasonable simple to distinguish between what should be considered as a nanomaterial and what should not. As scientists, we will have to live with this until we can propose a definition that is both scientifically sound and easily applied, as for example, is the case with the concept of respirable dust.
The EC proposes that the definition of nanomaterial shall be valid for any type of nanomaterial, whether they are of natural, incidental, or engineered/manufactured origin. It foresees that the same legal requirements should be directed to all types of nanomaterials. However, certain nanomaterials might be excluded from the application of some specific future legislation or provisions, for which they could be deemed to be inappropriate. On the other hand, other materials might need to be included.
STANDARDIZATION AND RELATED PROBLEMS
In order for the definition to be useable, the EC foresees a strong need for standardization on all aspects of measurement related to the definition. Due to this process, the development of science and technology and potential problems with the application of the definition in the writing of legislation, the EC will carry out a new public consultation on the definition in 2012.
The core of the Commission recommendation (EC, 2010b) is Article 2, which has two subclauses 1. Nanomaterial: means a material that meets at least one of the following criteria:
consists of particles, with one or more external dimensions in the size range 1-100 nm for .1% of their number size distribution, has internal or surface structures in one or more dimensions in the size range 1-100 nm, and has a specific surface area by volume .60 m 2 cm À3 , excluding materials consisting of particles with a size ,1 nm.
2. Particle: means a minute piece of matter with defined physical boundaries (ISO14644-6:2007).
It is clear from the SCENIHR study (EC, 2010d) that the second indent of the first clause is intended to bring agglomerates, aggregates, and structured particles within the definition, such as nanocomposites and certain consumer products, in the size range 1-100 nm.
At the present level of knowledge of nanotoxicology, it is very good that the Commission recommends a definition of a nanomaterial solely based on the size of the particles and internal and surface structures of which it consists. This will be a simple definition. All potential problems related to any qualifiers needed for using the term nanomaterial in actual life will have to be solved by those referring to it when writing legislation, provisions, etc. This is a positive aspect as it gives these writers the possibility to adapt each new provision etc to its specific circumstances. It is also an advantage that the recommended definition does not refer to newly designed, purposely designed, engineered, or whatever term might be used for a modern engineered or manufactured material produced with the aid of nanotechnology, as old materials that were conceived and manufactured before the advent of nanotechnology, might also be a nanomaterial (from the modern point of view), but nobody knew or cared before the present interest in nanomaterials.
It should be noted that the definition as such does not indicate that it should only be applicable to engineered or manufactured nanomaterials-it does not exclude products in which they are used. For example, a tennis racket or a sunscreen made partly from nanomaterials will themselves also be nanomaterials as long as the second indent is applicable. It should also be noted that nanomaterials that dissolve in water, body fluids, or the skin are not to be excluded, though any future risk assessment will of course be different for such a nanomaterial compared to one that does not dissolve into its chemical constituents.
An example of the importance of the differences between an engineered or manufactured nanomaterial and a natural or an incidental nanomaterial is that engineered nanomaterials do have an identifiable producer/manufacturer/supplier, whereas the other forms of nanomaterials in many cases do not. Welding fume is a case of incidental nanomaterial that can be considered to have a supplier, if the welding equipment was used according to the producer or supplier's instructions. Emissions from combustion processes, e.g. diesel soot and wood smoke are much more complicated cases as there is no direct link between the combustible material and the type of engine or stove that might be used in burning the fuel. Consequently, there exists no single producer or supplier responsible for the generation of this (airborne) nanomaterial. In addition, both the fuel, and the engine or stove, can be expected to change with time due to economic and technological changes. SCENIHR's recommendation (EC, 2010d) was for a general definition for nanomaterial (and this was taken up by the Commission), but the recommendation only specifically discussed the risk assessment of an engineered or manufactured nanomaterial. Similarly, Lövestam et al. (2010) were wholly focussed on engineered nanomaterials produced by nanotechnology. The intention of the Commission is that the proposed definition should be used for legislative and policy purposes within the European Union, and the main driver for the proposed definition is the evolving nanotechnology (i.e. engineered nanomaterials). In future legal provisions etc. on nanomaterials (e.g. related to risk assessments), it will be necessary to carefully state whether such requirements are intended for any kind of nanomaterial or specifically only for engineered or manufactured nanomaterials. Hopefully, the first attempt at legal provisions on nanomaterials (with requirements other than 'only' registration and documentation), which are based on the recommended definition will be widely discussed.
In order to apply each of the three indents in Article 2 (1) to a potential nanomaterial, at least one standard per indent will be needed on how to measure the quantities referred to. The Commission is aware of this and states in its introduction/justification that guidance should be provided. As some measurement methods give significantly different results depending on how size is determined and measured, this will not be an easy task. Additionally, it will not be possible to use the same measurement standards for all types of nanomaterials, so rules will be needed on how to select the proper measurement standard for each type of nanomaterial.
The first indent of Article 2 (1) recognizes the fact that the sizes of particles, as opposed to the size of a specific molecule, are distributed over a range of sizes. It therefore puts an additional requirement on how large a fraction of the particle number size distribution should be within the specified size range 1-100 nm. This understanding of the fundamental concept of the statistical distribution of particle sizes is missing from the two last indents of this article. My interpretation of this is that the Commission has been too hasty with its recommended definition.
Each of the three indents in Article 2 (1) has implications that will need to be assessed when the corresponding standards are written. For the first indent on the particle size distribution, one will need to find a measuring method that extends well beyond the intended size range of 1-100 nm and specifies how many particles that should be (randomly) sized for the evaluation. The second indent will be very difficult to handle as it seemingly only requires that one internal or surface structure (in one or more dimensions) in the size range 1-100 nm is detected in the whole material, in order for it to be classified as a nanomaterial. If such an interpretation prevails, many materials not commonly considered to be nanomaterials (e.g. pigments) will be caught by the definition. As the probability of detecting or finding such an internal or surface structure increases with the number of internal or surface structures sized or measured, the sample size or the relative fraction of internal or surface structures in the specified size range need to be given in a measurement standard. The second indent of the definition will need to be rewritten in a manner that is suitable for a potentially objective evaluation. The third indent is seemingly the simplest to convert into a standard as it looks as if it would only be to determine whether the specific surface area by volume of a tested material (within the measurement errors) exceeds the value stated. However, this requirement is not applicable if the material contains particles ,1 nm. Possibly, the intention is that this requirement should not be applicable on material that consists only of particles ,1 nm, though this is not stated explicitly. It would be better to specify how large the relative fraction of particles ,1 nm needs to be in order for this indent not to be applicable for a material.
TIMING
The initial consultation (EC, 2010a) was only for 30 days, finishing on the 19 November 2010. Perhaps, the EC felt that this was sufficient because they had held an earlier consultation on the SCENIHR should then be taken into account. In view of the rapid development in the arena of nanomaterials, the best would be to repeatedly re-evaluate the current and future revised definitions at regular intervals, for example every 3 years. Unforeseen consequences might need to be attended to.
One aspect of the problems we are facing is that the Commission, the European Parliament and concerned scientists/engineers/toxicologists/occupational hygienists/risk evaluators/managers try to be ahead of the game (the potential outbreak of severe negative health effects due to nanomaterials). At present, knowledge is limited on which aspect of a nanomaterial might cause such potential health effects, and therefore a wide range of materials need to be treated as potentially nanotoxic and hence in need of a thorough investigation at considerable costs. Scientific advances should be applied as soon as possible, which might reduce the uncertainty over which aspects of nanomaterials are potentially harmful to human health or the environment. This will most certainly influence both the EC's definition of a nanomaterial and the provisions derived from it.
ARE THE SIZE AND SURFACE COMPONENTS OF THE RECOMMENDED DEFINITION CONSISTENT?
As an example of the problems with setting the size range limits for what should be considered a nanomaterial, let us take a closer look at the first and third indent of the recommended definition (Article 2 (1)). Here, it is specified that at least 1% of the total number size distribution shall be consist of particles ,100 nm (more correctly in the size range 1-100 nm) and that the specific surface area by volume shall exceed 60 m 2 cm
À3
. What do these two requirements imply when applied to materials consisting of spheres with a unimodal lognormal particle size distribution? This can easily be calculated, for example, for two hypothetical materials, one with a fairly narrow size distribution [with a geometric standard deviation (GSD) equal to 1.3) and one with a somewhat wider size distribution (GSD 5 1.7). In order for a material to be considered to be a nanomaterial, the requirement on the number size distribution (first indent) translates into a requirement that the count median diameter (CMD) shall be ,200 and 300 nm, respectively, for these two GSDs. On the other hand, the requirement on the specific surface area by volume (third indent) translates into a requirement that the CMD shall be ,80 and 50 nm, respectively, for these two GSDs. Therefore, the maximum CMD for a material to be classified as a nanomaterial from the two indents differs by a factor of two to six. Increasing the GSD rapidly increases the difference because it increases the CMD implied by the first indent but decreases the CMD implied by the third indent, so the two requirements are in this sense antagonistic. This illustrates the problem scientists have in formulating a coherent definition of what constitutes a nanomaterial-even when the definition is solely based on the size of spherical particles. It also illustrates the uncertainty scientists have in assigning numerical values to the particle sizes that delimit a specific nanotoxicity.
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